The subject which we are discussing to-night is of enormous importance, on its own account, not merely from the number of people who die-because they are a comparatively small fraction of those who work on the material-but on account of the large loss of labour at a period of stress in the country. In several factories concerned in the manipulation of high explosives, the degree of absenteeism is very high, and the greatest factor in the production of this is this so-called "minor" T.N.T. illness. Therefore, from the national standpoint, minor illnesses due to T.N.T. poisoning ought not to be left out of account. The amount of national expenditure in sickness compensation is very large, and even more important is the temporary loss of labour of many employees. So we must not be content to speak of this "minor" illness as simple gastric catarrh of unknown origin. The disability these workers suffer from is not simply that they feel tired and want a holiday: such an idea may be largely left on one side. In many cases one can trace this illness on into the serious jaundice which ends in the post-mortem room, and in the specimens which you see on the table.
Nor does the importance of the subject end there, because it is my fixed belief, from having lived and worked in several of these factories, and getting to be as well known, and no better known, than the ordinary workers in them, and having seen how the major portion of this illness is produced, that this poisoning can be eliminated by instituting proper executive measures. The importance of this action increases still more when it is added that as soon as we have eliminated this illness, we shall also have reduced to a minimum the risk of such fires or explosions as happened last Friday. The two things are most intimately connected, and due to the same common cause.
Before the present extensive manufacture of T.N.T. that substance had a most innocent reputation. For instance, Prosser White says, in the chapter he wrote in a text-book on these poisons, " that it is an innocuous, non-toxic substance, which has never been known to produce illness." When the first death due to T.N.T. poisoning was detected by Dr. Collis, of the Home Office, he asked me to carry out a series of laboratory experiments on the toxicology of the substance. For the first five or six months the experimental results supported all that was stated by Prosser White, for it was found impossible to kill a single animal with the substance, however heroic were the doses given. Meanwhile workshop illnesses were beginning to accumulate more rapidly. In order to approach workshop conditions more closely, animals were kept in the fumes of Woolwich Arsenal, in the dustiest part of the works, for months, yet they throve, they increased in weight, and bore healthy offspring. In places where one could scarcely stand the smell of the molten explosive, under much heavier exposure than the workmen, these animals were kept daily for nine months without harm.
The first light on the subject came to me when on a visit to a factory which was particularly clean, and where there was no fume whatever, and very little dust in the air. So I said, it cannot be the dust or fume in this case: what can be the explanation? I noticed the hands of the workers: they were oily; there was powder on the table, and the workers were handling pellets. I carried out experiments, mostly on myself and my assistants, to determine whether T.N.T. could enter the body through the skin. On two separate occasions I rubbed some of the substance into my hands, and I had a sharp attack of gastritis on each occasion, yet my assistants had not much of it: I was one of the susceptible individuals. I also had much of it in my urine, while my assistants only had a small amount, and that explains a good deal which has been obscure in regard to aetiology and clinical history. You can send patients away with minor jaundice, and they will come back in four or five days with it more developed, and in that way a fatal case may develop from a minor one.
We were still, however, met on all sides by the cry of dust or fumes being the cause. The obvious reason for this almost universal belief in the toxic effects being due to dust and fume swallowing and inhalation lies in the smell of the melting pans, and the intensely bitter taste, resembling bile, of T.N.T. when swallowed. It is an exceedingly insoluble stuff, and very bitter; and if a particle, so minute that it can be only seen with a microscope, gets on to the back of the mouth a bitter taste will be experienced from it for over an hour. The people in the workshops who are being poisoned by it are getting it through their skin; they are not taking it in by the mouth and nose, but they are misled by their senses of taste and smell and think they are taking it up by the mouth and nose. Therefore I determined to analyse the air in the shop so as to find out the actual amount a worker would take in by mouth and nose during a shift. In one particular national shop at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from I went in and stayed there the whole twelve-hour shift, from six in the evening till six in the morning, with Dr. Wyon, and we aspirated the air at twice the rate of breathing of the ordinary workmen through a dust and fume absorption apparatus, and so found the quantity, something like 5 or 6 mgrm. per head per shift was the result, that is, about the size of a pin's head. We have taken ourselves ten times that quantity for one or two weeks, and without having any injury or symptoms except that we got it in our urine, showing that it was well into the system.
A determination of the amount of nitrous fume taken out was also made and showed only about one part in a million; in flour mills where bleaching of flour is carried on, and in many industrial occupations, there is many times more nitrous fume present without producing any deleterious results. From the point of view of the prevention of these things, and especially for us as medical inspectors, I put it to you the shells ought to be filled with a scrupulous regard to cleanliness, and none of the T.N.T. mixture allowed to foul the outsides, and that all managers, foremen and operatives must be impressed with the need for cleanly working in T.N.T. manipulation, just as much as for less stable explosives, such as black powder and tetryl: then it will be found that very little else will be needed, and here comes in with force the remark, that "Prevention is better than cure." The truth of this statement is actually demonstrated in present workshops, for where least care is taken over clean working conditions, there it is that both minor T.N.T. illness and also toxic jaundice abound, whereas where great care is taken in the avoidance of spilling T.N.T., illness is practically absent; this is clearly shown by the returns, and there are three national factories, each employing thousands of T.N.T. operatives where illness scarcely exists.
Then there is the question of the alternation of empjoyment. That is a very good measure, and I rank it next to cleanliness of workmanship as a preventative. But to you, inspectors engaged in giving medical advice at these factories, and others, I put it strongly: Do not be misled over alternation of employment unless it be coupled with the insistence on clean hands and those precautions I have mentioned. These people can go off work for a fortnight, and all that time you may think they are outside the influence of the substance, and yet they may be absorbing it all the time. At a factory in which I was working,. I examined three or four girls returning to work upon T.N.T after a fortnight's absence at other work, and they were slightly icteric, so I told them they must not go. I had their urines examined, and they were heavily charged with T.N.T., showing that T.N.T. had been attacking their systems all through the supposed period of intermission. My colleague, Dr. Wyon, has made a similar examination, and found in a large scale examination at another factory that about 65 per cent. of these people on their return, after the period off, have T.N.T. in their urine: it was passing through their system when they were supposed to be free of the substance. To carry out alternation properly, the underclothing must be changed: but you know the habits of many of-these people, they keep underclothing on for a much longer period than you who are here would care to do. And if you look at the roots of the hair on the scalp you will find a thick layer of the substance. There is one point of prophylaxis there: use the best organic solvent for the substance you have, and in that way get the workers as clean as possible. If that is done, then in four or five days you may get them clear. When I experimented on myself by rubbing the stuff into my hands, though I got my hands clean at once, it was ten clear days before the substance had disappeared from my urine.
It may also be pointed out that certain occupations hitherto supposed to be T.N.T. free, are not really so. For example, pushing a T.N.T. soiled truck.
There is one additional remark I should like to make in regard to Dr. Legge's paper. I do not think we can exculpate the two factories at the top of his list, which possess such a very much heavier incidence than the others, from there being something wrong in those factories. There are other factories with quite as many workers where the incidence rate is very much lower, indeed, almost zero. There is one near London which employs as many hands, and there are two provincial factories, each employing several thousand T.N.T. workers, in which there have been scarcely any cases. When one visits those places, the reason for the difference becomes obvious, so clear, that executive action should be taken at once. The shells are filled by women in these almost immune factories, and the greatest care is insisted on that no T.N.T. shall find its way outside the shell: those who do so are censured. On the contrary side, from my own experience, I know that in one large factory where the incidence of this disease is very high, in fact, about the highest in the whole country, there are fifty or sixty women employed on nothing else but cleaning off the outside of the shells the T.N.T. which ought never to have been there. This is not merely waste labour, for it is also among those women and girls (shell-cleaners) that the highest incidence of the jaundiced cases are seen. This effect is not due to the dust breathed in the air: you can get a dust, and you can get bits chipped off and trodden down on the floor, but it is mostly below the level of the mouth as it is a heavy dust: it is getting it on the hands which is the source of the mischief. There is no exhaust system of ventilation which will adequately prevent the T.N.T. dust from getting about;' but if you can point out clearly the rationale of the disease to the workers and their overseers, and get them to avoid spilling the stuff, and if you can invent a process to ensure that the dust does not get on to the shells, and so on to the workers' hands, and if you make it a matter of a penalty if the material is spilt about the floors and benches, we shall, to a great extent, have solved the problem, and have prevented, in large measure, both the occurrence of explosions and the incidence of this sickness, both of which we all deplore. ' The amount of dust in the air of the T.N.T. workshops has been actually determined in two factories and found to be excessively small and quite inadequate to account for the illnesses.
Dr. BERNARD H. SPILSBURY.
This communication is mainly a summary of the results of the naked eye and microscopical examination of material obtained from fatal cases of poisoning by tetrachlorethane, di-nitro-benzene, and trinitro-toluene. In many of these cases putrefaction, which is rapid, was advanced when the investigations were made, owing to the delay incident to a Coroner's inquiry; the study of the detailed changes has. been rendered more difficult, and the specimens which I am showing have suffered from this cause.
The effects of these three poisons are comparable in that the most, marked changes are found in the liver, these consisting essentially in a fatty degeneration of the liver cells, followed by necrosis and disintegration of all the cells in large areas. In many cases no healthy tissue is found; the necrotic areas are distributed irregularly and may form the bulk of the organ; where large groups of lobules are completely destroyed it is not easy to determine in what part of the lobule the changes have commenced. These poisons also produce a varying
